.Aminoacyl-tRNA synthetases have been studied intensively in relation to the corresponding -tRNA's and amino acids. Since they are -capable of recognizing tRNA molecules of very -.similar structure, an interesting problem is, which factors are important in recognizing the cognate tRNA's. At the present time, various aminoacyl-tRNA synthetases [EC group •6.1.1] are available in highly purified form (/, 2), but there are only a few structural investigations dealing with enzyme-tRNA interactions. One possible approach to this problem is to crystallize the enzyme itself, .and to elucidate the tertiary structure by means • of X-ray diffraction analysis. So far, only lysyl-tRNA and leucyl-RNA synthetases [EC •6.1.1.6 and 6.1.1.4] from yeast (3) (4) (5) and a trypsin-modified methionyl-tRNA synthetase Bacillus stearothermophilus at room temperature. These crystals are well-ordered and exhibit diffraction spots out to at least 2.7 A. We report here the successful crystallization of valyl-tRNA synthetase [EC 6.1.1.9] which is specific for the acylation of tRNA
VaI from E. coli.
After breaking off the cell membranes (£. coli MRE 600) with solid CO 2 and ether at -30°C in 0.1 M K 2 HPO« (pH 7.8) containing 6 mM /3-mercaptoethanol, the enzyme was subjected to (NH 4 )sSO 4 fractionation. RNA was precipitated with 5% streptomycin solution. (Fig. 1) , and on a DEAE-cellulose column, from which a homogeneous product was obtained (<?). This was used for crystallization studies (see Table I ).
After determining the approximate solubility of the enzyme in relation to pH and ionic strength (<9), several ranges of crystallization were set up in which it was thought that crystallization might occur. Crystalliza-• tion of valyl-tRNA synthetase was achieved under the following conditions : 20 A 2 ao* units . (=20 mg/ml) synthetase dissolved in 0.15 M K 2 HPO 4 (pH 7.2), 0.01 M KC1, and 0.006 M /3-mercaptoethanol (4°C) was dialyzed against a solution of 0.02 M K 2 HPO 4 (pH 7.2), 6 mM * 1 Awo unit, the quantity of material contained : in 1 ml of a solution which has an absorbance of 1. at 280 nm when measured in a 1 cm path length cell.. /. Biochem.. (Fig. 2) . These crystals were birefringent in polarized light when viewed between crossed polaroids (Extinction from edge to edge nearly 90°). The crystals were 0.1mm. 
0.1mm
Single crystals of valyl-tRNA synthetase very soft, but resilient, with well formed faces and edges, showing external symmetry. The crystals obtained at 4°C were very sensitive to differences in ionic strength and temperature. On raising the temperature to about 5°C, the crystals dissolve immediately, and do not recrystallize as single crystals, only as a microcrystalline precipitate. On decreasing the ionic strength the crystals remain stable, but lose their morphology and " recrystallize " as oriented fibers. The crystalline material appeared to be homogeneous on polyacrylamide gel electrophoresis (Fig. 5) . The overall yield of crystalline protein was 15%, as estimated from the size and number of crystals obtained.
Figures 3 and 4 show still and 2 V2 0 precession photographs of valyl-tRNA synthetase single crystals. The crystal was mounted in a quartz capillary by the usual protein crystallographic technique {11). The mother liquor was supplemented with 0.1 ammonium sulphate to reduce deterioration of the crystal in the X-ray beam. The crystal was exposed at 5°C to CuK;, radiation from a Hilger and Watts fine focus tube operating at 50 kV and 25 mA, and was irradiated for 90 min. The crystals were extremely sensitive to X-rays, so that it was impossible to obtain a proper precession photograph. However, a series of precession photographs of single crystals of valyl-tRNA synthetase were obtained in various planes, as shown in Fig. 4 , with the same from E. coli, shown between crossed polaroids. crystal setting as in Fig. 3 . After three hours exposure the crystal does not diffract any more. In order to identify the space group unequivocally, a second setting of the crystal is needed, but due to the rapid deterioration of the crystal in the X-ray beam no precession photographs along the other axis could be obtained. Also the extreme thinness of the crystals made them very fragile and the diffracting volume was too small to permit proper X-ray work with a precession camera. The preliminary cell dimensions {12) of these single crystals as obtained from these photographs are about: a=91.0 A, b = 125.0 A, and c = 154.0 A with a = r=90° and £-90°. Assuming a possible space group P 222, the unit cell volume has been calculated as 1.76x10' A 3 , and the dry volume of the protein to 144,000 A 3 , taking a molecular weight of 120,000 and a partial specific volume of v =0.732 ml-g" 1 (8) , then the unit cell contains four molecules of enzyme, hence one per asymmetric unit. Moreover, the volume VM=3.66 A 3 per dalton for one molecule per asymmetric unit leads to a solvent content of 65.5%>. Taking the anglê^9 0°, but near 90° (-91.5°), the space group P2 would be possible, containing four molecules in the unit cell. The high solvent content, which might contribute to the instability Fig. 5 . Polyacrylamide gel electrophoresis of valyltRNA synthetase after step VIII (left), single crystals (middle) and the mother liquor (right), in which the crystals were grown. Electrophoresis was performed at pH 8.3 in a running buffer ; the separating gels contained 7.5% acrylamide-0.2% bisacrylamide and the starting gels 2.5% acrylamide-0.6% bisacrylamide. Electrophoresis was performed at room temperature with 3 mA per tube until the bromphenol blue marker reached the end of the gel (1.5 hr). The gel was stained with Amido Schwarz. and low resolution of the X-ray diffraction pattern, makes these crystal forms unfavorable for further diffraction analysis. Figure 5 shows a polyacrylamide gel electrophoresis pattern of valyl-tRNA synthetase after step VIII for the crystals and the mother liquor.
In order to obtain single crystals of the microcrystalline precipitate, various ionic strengths and pH values were tried, but none of the samples crystallized. Crystallization studies from buffers other than phosphate, for instance cacodylate or arsenate were unsuccessful. Perhaps the phosphate ion is an integral part of the enzyme molecule, required to build up a lattice. Due to the presence of ammonium sulfate the crystals lose 30% of their biological activity after two months. The same effect has been observed after precipitating the enzyme with (NH 4 ) 2 SO4 and redissolving it in phosphate buffer (8).
These investigations have been supported by a grant from the Deutsche Forschungsgemeinschaft.
